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The dixcoveries con-ected with the 
Eropagation of electric waves over long distances, and 
the practical applicationa of telegraphy through apace, 
which have gained for me the high honour of sharing 
the Rebel prize for Fhytica, have been made to a great extent 


the rexult of one another. 


The apclication of electric waves 
to the purpores of Wireless telegraphic compnication 
between distant partes of the earth, end the experiments 
which I have boen fortunate encugh to carry out on & 
larger scale than ir attainable in ordinary laboratories, 
have Mico it pomeible to invertigate phenomena and note 
rewultea often novel and unexpected. 


Ih wy opinion mang facts connected with the 





peopagatien of electric Wave: over great distances still 
await A satisfactory explanation, and [| hope to be able in 


this Lecture to refer to some observations which appear to 


reiuire the atierticn of physicists. 


In sketching the history of my association with 
Radio Telegraphy, I might mention that I never studied 


Physics or electrotechnics in the regular manner, although 


as a boy I was deeply interested in those aubjecta, 


I did however attend one courage of lectures on 
Physics under the late Frofeuaor Rosa at Liv 
re beads 2 


Ornd, and i Wags 
ay tn 
‘hat I might say fagley well acquainted with acientific gubject 


including the works of Herts, Branly and Righi. 


At my home near Pologna in Italy I commenced marly 
in 1885 to carry out teate and experimenta with the object of 


determining whether it would be possible by meana of Hertsian 


Waves to transmit to a distance telegraphic signs and ayabolsa 


without the aid of connecting wires, 


After a few preliminary experiments with Hertzian 
Waves I became very soon convinced that if these waves or 


similar waves could be reliably transmitted and received . 


over censiderahle distances a new system of communication 


would become available possesaing enormous ddvantages over 


Plashlights and optical methods, which are so much 


dependant for their success on the clearness of the 


atmosphere. 


My first teste were cariied out with an ordinary 
Hertz oscillator and a "ranly coherer as detecoor, but I soon 


found out that the "ranly ccoherer was far too erratic and 


unreliable for practical work, 


After some experiments I found that a coberer 


constructed as shown in Fie. © and consicting of nickel and 
silver filires placed ir 4 small gap between two silver plugs 


in a tube was remarkably sensitive and reliable. This ispro- 


vement together with the inclusion of the ccherer in a 
eircuit tuned to the wave length of the transmitted radiation 


allowed me to gradually extend up to about a mile the 


distance at which | could affect the receiver. 


Another now well known arrangement which I 


adopted was to place the coherer in a circuit containing a 


voltaic cbll and a sensitive telegraph relay actuating 
another circuit which worked a tapper or treabler and a 


recording instrument. Py means of a moree telegraphic key 
Placed in one of the circuita of the oacillater or tranemittor 


it was posaible to emit long or short successions of eleotric 


Waves, Which would affect the receiver at a dintance and 
accurately reproduce the telegraphic signs transmitted through 


space by the oscillator. 


With such apparatus I was able to telegraph up to 


a distance of about half a mile, 


Some further improvements were obtained by using 
reflectors with both the transmittora and receivera, the 


transmittor being in this cage a Righi oscillator. 


This arrangement made it possible to send signals 


in one definite directior, but was inoperative if hills or 


any large obstacle happened to intervene between the transmitt 


and receivers, 


In August 1895 I hit upon a new arrangeaent which 


not only greatly increased the distance over which I could 


communicate but also seemed to make the tranamisraion indepen- 


dent from the affects of intervening obatacles. 


This arrangement consiated in connecting one 


termiral of the Hertzian oscillator, or spark producer to 


earth and the other terminal to a wire or cepacity serea 


placed at a height above the ground and in alao connecting 
at the receiving end one terminal of the coherer to earth 
- @ aa 4 7 


and the other to an elevated conductor, ohm 
1 then bezar to examine the relation between the — 


dixntance at which the transmittor could affect the receiver 
arid the elevation of the capacity aereas above the earth, - 
and i very soon definitely ascertained that the higher the 


wires or capacity aereas the greater the distance over which 


it Wax porsi*le to telegraph. 


Thus 1 *ourd that when using cubes of tin of about 


30 cms. Side as elevated conductors or capacities placed at 
the top of poles 2 meters high I could receive signals at 

3) meters' distance, and when placed on poles 4 meters high 
at 100 meters, at 8 metera high at 400 meters. With larger 


cubes 100 cma. side fixed at a height of 8 metera signals 


could he tranumitted 2400 meters all round, -jc€ 


These @xperiments ware continued in England, where 


in September 1806 a distance of 1} miles was obtained in teste 


carried cut for the British Government at Salisbury. The 
distance of communication was extended to 4 miles in Maroh 


18°7 and in May of the same year to © smiles. 


In all these oxzperimonte 4a very small amount of 
@lectrical power was used, the high tension current being 


produced by an ordinary Rhumkoff coil. 


The results obtained attracted a good deal of 
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public attention at the time, such distarces of communication 


beine considered remarkable. 


As I have explained the main feature in my systen 
consisted in the use of elevated capacity aereas or vértical 
wires attached to ore pole of the high frequency oscillatore 


and receivers, the other vole of which was earthed. 


The practical value of this inrovation was not 
understood ty mary physicists for quite a considerable 


period, and the results which | cbtained were by many 


erroneously considered simply due to efficiency in details 


of construction of the receiver, and to the employment of a 


large amount of energy in the trarnsmittor. 


Others did not overlook the fact that a radical 


change had teen introduced by makirg these elevated 


capacities and the eart form part of the high fraquency 


oscillatora and receivers, 


TR oes. 


Profesaor dscoli of Rome gave & very interesting 


theory of the mode of operation of my trangmittore ana 


aad es 
receivers in the Elettricista, Rome, & t 1667, in which 
A 
he correctly attributed the resulta obtained to the use of 


elevated wires or antennas. 


Professor A. Slaby of Charlottenburg, after 


witnessing my tests in England in 1907 came to somewhat 


similar conclusiona,. 


= 


Wany technical writers have stated that an 


elevated capacity at the top of the vertical wire is 


* 
A. Am A. de Due a Vimrtentite fie fbn 


Bian ban J 2 Veils ee And Tamper . 


in 4 Shy - Tea Hl Telegraph / de a : 


= 


10 


unnecessary. 


This is true if the length or height of the wire 
ia made sufficiently great, but as thia height may be such 
smaller for 4a given distance if a capacity aerea is used, it 
iv more economical to use such capacities, which now usually 


consist pera apreading out from the top of the verticel 


conductor. 


The necessity or utility of the earth connection 
has been sometimen questioned, but in my opinion no practical 
aystem of Wireless Telecraphy exists where the instruments , 


are not connected to earth, 


By "co-rected to earth" I do not necessarely mean 


an ordinary metallic connection au used for ordinary wire 


telegraphs. 


LL 


The earth wire may have a cordenser in weries with 
Lt or it may Fe corrected to what ia really equivalent « 
capacity aerea placed close to the surface of the ground. 
Fy 
It ia now perfectly well known that a condenser, 
if large enough, does not prevent the passage of high . 
frequency oscillations, and therefore in these cases the earth 


is for all practical purposes connected to the antennae. 


After numerous tests and demonstrations in Italy 
and in England over distances varying up to 40 miles, com~uni- 
cation was eatablished for the first time across the Engliah 


Fe ft. 
Channel between England and France in March 1999. 7 x 


From the beginning of 1896 [ had practically 
abandoned the aystem of connection showm in Fig. 2 and 
instead of joining the coherer .of detector directly to the 


aerial and earth, | connected i¢ between the ends of the 


* 
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secerdary of a suitable oscillation transformer containing 
a condenser and tured to the period of the electrical waves 
received. The primary of this oscillation transformer was 


Lae) 


e 
connected to the elevated wire and to garth, ~¢, Y 


v 


This arrangement allowed of a certain degree of 


ayntony, an by varying the period of oscillation of the 


transmitting antenrae, it was possible to send mesHages to & 


tuned receiver withcut interfering with others differently 


“uyntonized. -— 


An ia now well known a transmitter consisting of 
& Vertical wire discharging through a spark gap ia not @ 


persistant omcillater, the radiation it produces ia strongly 


damped, Ite electrical capacity in comparatively sco emall 


and itu capability of radiating energy so large that ita 
oscillations decrease or die off with great rapidity. In this 
case receivers or resonatora of a considerably different 


© ih fp Shs O28 filet 2 (2.326 
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period or pitch are likely to be affected by it. 


Early in 188 I was able to improve the resonance 


effects obtainable by increasing the capacity of the elevated 


wires by placing adiacently t6 them earthed ¢conductore, and 
inserting in series with the aerials suitable inductance 


coils. 7.3 


Py these moans the energy storing capacity of the’ 
aerial was increased, whilat itu capability to radiate was 


decreaned with the result that the energy set in aotion by 
the diacharce formed a train or successicn of Peebly dasped 


oscillations, 


A modification of this arrangement, by shéch 


excellent results were obtained, ig shown in Fig. “2 


In 1900 | constructed and patented tranuaitters 
whith consisted of the usual kind of elevated capacity aerea 
og os ; 
tn Pht acheé ch Anpet & A Rhipafhe har Fe 
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and earth conrmectior, but this was inductively coupled to an 
oscillation circuit containing a condenser an inductance 
and a spark gap, the conditions which I found #anential for 
efficiency being that the periods of electrical oscillation 


of the elevated Fire or corductor should te in tune or 


resonance with that of the condenser circuit. "Fig. ; 
x 


The circuits consisting of the oscillating circult 
and radiating circuit were more or less closely "coupled" by 
varying the distance between them. By the adjustement of the 


inductance inserted between the elevated conductor and earth, 


and by the variation of the capacity of the condenser circuit, 


,» the two circuits were brought into resonance, a condition 


which, ag [ have seid, I fourd susential in order to obtain 
efficient radiation. ee pane LC cn te 


Selle mat 
kin OT sae hen te eee aol, 


iy ht 
comtenesrs was carr_ed out siwultaneously to that of Professor 
eH Buckak (recT ve $944 248 kod fo p 
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Part of my work 
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Braun, without however either of us knowing at the time any- 


thing of the contemporary work of the other. 


A syntonic receiver is shown by Fig. 3 and 


conaiste also of a vertical conductor or aerial connected to 
@arth through the primary of an oscillation transformer the 
secondary circuit of which included a condenser and a 

detector, it teing necessary that the circuit containing the 


aerial and the circult containing the detector should be in 


electrical resonance with each other, and also in tune with 


the periodicity of the electfic waves transmitted from the 


Hending Station. 


[It is alao poasitle to couple to one sending 


conductor several dif*erently tuned transmitters and to a 
receiving wire a number of corresponding receivers, a8 ia 


p 
shown in Figs. and 4% gach irdividual receiver 
respording only to the radiatiors of the tranamittor with 


which it is ir resonance, 


16 


At the time (twelve years aco) when communication 
was first established by mears of Radio-telecraphy between 


England and France much discussion and speculation took place 


as to whether or not Wireless Telecraphy would be practicable 


for much longer distances thasn these then covered, and a 


somewhat general opinion prevailed that the curvature of the 


earth would be an insormountable chatacle to long diatance 
transmission, in the same way as it was, and is, an obstacle 
to signalling over considerable dista-ces by means of light 


flashes, 


Difficulties were also a-ticipated as to the 
Porsibility of being able to control the large amount of energy 
which appeared would be necessary to cover long distances, | 

What offen happens in pioneer work repeated itaelf 
in the case of Radio-telegraphy, - the anticipated obatecles 
or difficulties were sither purely imaginery or elee easely 
Surmountable, but in thelr place unexpected barriers 


manifested themselves, and recent work haa been mainly directed 


1? 


to the “olution of problems presented by difficulties whict 
Man fern . 
were certainly et expected or anticipated when long diatan 


were f:rst attempted. 


With recard to the presumed obatacle of the 
curvature of the earth, I am of opirion that those who anti 
pated difficulties in consequence of the shape of our planet 
had not taken sufficient account of the particular effect of 
the earth connection to both transmitter and receiver, which 


earth conrection introduced effects of corduction which Were 


generally at that time overlooked. 


Physicintn seemed to consider for a long time that 


wireless Telegraphy was solely deperdent on the effects of 
free Hertzian radiatior throurh space, and it wax years befoi 
the probable effect of the conductivity of the earth between 


the stations Wan satisfactorely considered or discussed. 


Frefessor J. A. Fleming ir hin took on "The 
Prirciple: of Electric wave televraphy" gives diagram: showin, 


me f a ; 
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what is now believed to he the diagrammatic represertation 


of the detathment of semi-loops of electric strain from a 


simple vertical wire (Figy: ) As will be seen these waves 


do not propagate in the same manner ax free gadiation fron 
a Classical Yertzian oscillator, ‘ut glide along the surface 


of the eartr, 


Professor Fleming further states in the above quoted 
worki= 


eThe view we here take i that the ende of the semi- 
"loops of electric force, which terminate perpendicularely 
fon the @arth, carrot move along wiless there are sovement 
"of electrons in the earth corresponding to the wave= 
"mot.ons above it. From the point of view of the electra- 
"nic theory of electricity, every line of electric force 
"ir the ether must te either a closed line or ita ends 
"must terminate or electrons of oprosite sign. If the 
"end of a lire of strair abuts or the earth and moves, 


"there Mant "@ Atom-to-atom excharze of electrona, or 


1g 


"movements of electrons in it. We have many reaxona 
"for concluding tha-t the substances we call conductors 
‘are those in which free movements of electrona can 
"take place. Hence the movements of the semi-Loope of 
"alectric force cutwards from an earthed oscillator 
"or Marconi Aerial is hindered by bad conductivity on 
the surface of the earth and facilitated over the 
"surface of a fairly good electrolyte, such as 


"sea=-water." 


x 


Professor Zenrneck has carefully examined the effect 
of earthed transmitting and receiving aerials, and has 


endeavoured to show mathematically that when the lines of 
electrical force, constituting a wave front, pase along a 
surface of low specific inductive capacity, such aa the 
earth, they Setome inclined forward, their lower ends being 
retarded by the resistacce of the conductor to which they 


fe attached, in. 


lt therefore seema well extablinhed that Wirelesa 


Telezraphy, 45 practised at the present day, is dependent 


for its operation over l-ng distances on the conductivity of 
the earth, and that the difference in sonductivity between 
the surface of the sea and land ix sufficient to ezplain 

the ircreaced dista-ce obtainable with the same amount of 


energy ir commuricative over sea ax compared to over land, 


L carried Out some teste between 4 shore station 


and a ship at Poole ir England in 1£02 for the purpose of 


RJ Dermesk . damalen dr Whar i t3 Fh G46 
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obtaining Some data on this point, and [ noticed that at equal 
distances a perceptible diminuition in the energy of the 
received waves always occurred when the ship waa in auch a 
position as to allow a low apit of sand about 1 kilometer 


bread to intervene between it and the land wtation. 


I therefore believe that there wax sose foundation 


for ths #tatement uo often criticheed which I sade in wy first 


Enelish Patent of the 2nd. June 1896 ta the effect that when 


transmitting through the earth or water I connected one end 


of tha transmitter ard one end of the receiver to sarth. 


In January 1°01 some auc .asful efperiments Frere 
carrie. out “etweer two poirtsa on the South Coast of England 


186 Miles apart, ie. St. Cathering's Point (Lale of Wight) 


and Tre Lizard in cornwall Fig. 12 


The total height of these statiora above nea level 


did mot exceed 100 meters, whereas to clear the curvature of 


the earth a height of more thar 1600 meters at each end would 


fromnh gl ben tot fo 44 fod rr: 
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have beer recessary. 


The results obtained from these Lests, which at the 


time constituted a record distance, ueemed to indicate that 
electric waves produced in the manner I had adopted would 


most probably be ahie to make their way wound the curvature 
of the earth, and that therefore even at great diatances, 
such as those dividing America from Europe, the factor of the 


earth's curvature would not constitute an insormourtable 


barrier to the extension of Telegraphy through space. 


The belief that the curvature of the earth would 


not stop the propagation of the waves, and the success 


obtained by syntonic methoda in preventing mutual interference 


led te in 1900 to decide to attempt the experiment of testing 


whether or not it would be possible to detect electric wavea 


over 4 distance of 4000 Kilometera, which, if succesful, 
would have dameediately prooved tre posaibility of telegrap- ing 


without wires between Europe and America. 


The experiment was in ay opinion of great importance 
i 


from a acientific point of view, and [ was convinced that the 
discovery of the pomsibility to tranemit electric waves 
across the Atlantic: Ccean, and the ezact knowledge of the 
real conditiona under which telegraphy over guch distances 


could be carried out, would do much to improve our under- 


standing of phenomena connected with wireless tranamission. 


The transmitter erected at Poldhu on the Coaat of 
Cornwall wag similar in principle to the one I have already 


referred to, but on a very much larger scale than anything 


hither previously attempted. x 


The power of the generating plant was about 26 


Kilowatta, 


Gein 6b Nederer, Lane (GE Me. 


Numerous difficulties were encountered in producing 
and controlling for the first time electrical oscillations 


of such power. In much of the work [ obtained valuable aasistar 
ce from Professor J. A. Fleming, Mr. R. NK. Vyvyan and Mr. 


My previous testa had convinced me that when endes- 
vouring to extend the distance of communication, it was not 
merely sufficient to augment the power of the electrical energ) 
of the sender, tut that it was alao necessary to increase 
the aerea or height of the transmitting and rewelving 
elevated conductors. 


F 
As it would have Deer too expensive to employ vertics 
Wires of great Feight, 1 decided to ircrease their nusber 
and capacity, which seemed likely to m-ke poanitle the 


efficient utilizaticn of large amounts of energy. 


The arravgemert of transmitting antennae which was 
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i 
used at Poldhu is showr in Fic. 4 and cornixted of a fan= 


like arranzemert of wires supported by an insulated ey 
between Masts only 48 meters high and 60 meters apart. These 
wires converced together at the lower end and were conrected 


to the transmitting apparatus contained in & cullding. 


For the purpose of the Jest a powerful station had 
been erected at Cape Cod, near New York, but the completion 
of the arrancementS at that station were delayed tn consequence 


of 4a atorm which destroyed thea masts and antennas. 


I Therefore decided to try the experiments by means 


of & temporary receiving station erected in Newfoundland, 
to which country I proceeded with two agsistante about the 


end of November 1201. 


The testa were commenced early in December 1901 
and on the 12th. of that month the signals tranemitted from 
England were clearly and distinctly received at the temporary 


atation at St. John'a in Newfoundland. 


SonPirmatory test: were carried out in February 


1£02 between Poldhu ard a recei‘ine station on the 8.5. 
"Philadelphia" of the American Line. On board this ship 
readable Meguages were received by mean: of a recording 
instrument up to 4a distance of 1551 Miles and text Lettera 
af far as 208° Miles from Poldhu. “4 ly 


The tape recorda obtained on the "Philadelphia" 


at the various distances were exceedingly clear and distinct 


ao can be seen by the specimend [ have exhibited. 


These results, although achieved with imperfect 
apparatua, were sufficient to convince me and sy co-workers 
that by means of permanent stations and the employment of 
sufficient power it would be possible to tranamit measagea 
across the Atlantic Ccean in the same way ae they were sent 


over Much shorter distances, 


The teste could not be continued in Newfoundland 
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owing to tre hoatility of a ca*le Company, which claimed all 


rights for telegraphy, whether wirele:s or otherwise, in 


that Colony. 


A result of acientific interest which I first 


-oticed during the teste on S.5."Ph ladelphia’ and which ia 
& fost important factor in long distance Radio-telegraphy, 
wan the very marked and detrimental effect of daylight i: oe 
propagation of electric waves at great distances, The range 
by night being usually more than double that attainable 
during daytime. *« 


I do not think that this effect has yet been 


satisfactorely investigated or azplained. At the time I 
carried out the teste [ was of opinion that it might be due 
to the lose of energy at the transmitter, cauued by the 
dis-electrification of the highly charced tranomitting 
elevated conductor operated by the influence of sunlight. 


Ll am now inclined fo believe that the absorption 


of electric waves during daytime ia due to the ionisation 


ue feet: fis Anw£ en vel’ Se 
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of the gaceous molecule: of the air affected ty altra=violet 
Light, and a: the ultra-violet rayn, which emanate from the 
sur, are lareely absercad ir the upper atme:phere of the 
earth, it is proka‘le that the poertior of the earth's 
ALMOSpHere Which is Pacing the sun Will tortain more Lona or 
electrons thar that portior which is is darkress, and there= 
fore, as Sir J. J. Tromsor has shown,” this i) Luminated 


and ionized air will absorb some of the enerey of the 


electric wares, 


Apparently the length of wave and amplitude of the 
electrical oscillations have much to do with this interesting 
phenomena, lone waves and small amplitudes being subject to 


the effect of daylaight to a much lesser degree than short 


waves and large amplitudes. 


+ 


According to Professor Fleming, the daylight effect 
should be more marked on long waves, but this hax not been ay 
eEperience, Indeed, in some very recent experiments in which 


waves about 6000 meters long were used, the anergy received 
by day was usually greater than at night. 
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The fact remains, however, that fur comparatively 


short waves such ax are used “7, omere clear unlignht and blue 


ukies, though transparent to Light, act aa kind of fog to 
these waves. Mence the weather conditiors prevailing in 
England, ard perhaps ir this Country, are wally suitable 


for Wireless Telezraphy. : 


) 
During the year 1202 [ ‘cartied out some further 


tests between the Station at Poldhu and a receiving installa= 


tion erected on the [talian Cruiser "Carlo Alberto", kindly 


placed at my disposal ty H.M. The King of Italy. 3“) V 


uring these experiments the interesting fact 
was observed that even when using waves ae short as 1000 
feet, intervening ranges of mourtains, such au the Alps or 
the Perenees, did not, during night time, tring about any 
congideratble reduction in the distance over which it was 


poseaible to communicate. During daytime, unless much longer 


* der Heit uns irae , Haus, tert ‘492 


Waves and more power Tere used, interverite mers CAins 


areatly reduced the apparent range of the trarcomitier, 


Mexsages and Fresh Dexpatches of considerable Length 


were received from Poldhu at the positionda marked on the map, 
which map is a copy on a reduced scale of the one accompanying 


the oficial report of the experiments. ba fy 


With the active @ercouragement and financial 


augintance of the Canadiar Government, 4 High Power Station 
was constructed at Glace Say, Nova Scotia, in order that I 


should be able to cortinue me lone=—distance teste with a 
View to eutablishing radio-telezgraphic communication on «a 


commercial basia between Encland and America. ¢ 


On December 18th. 1802 the first official messages 


wore exchanged at night acroua the Atlantic, *etween the 


Stations at Foldhu and Slace fay, =a TP enw Te 


Further teats were shortly afterwards carried out 


R he faker unk Shu Mant be bake £ fist Oh fam~ 
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with another long-distance station at Cape Cod in the United 


States of America, and under favourable circumitances it was 


found possible to transmit messages to Poldhu 3000 “iles away 
with an expenditure of electrical energy of only about 10 


Kilowatts. 


In the spring of 1903 the transmission of Press= 


Messages by Radio-telegraphy from America to Europe was 
attempted, and for a time the London "Times" published, 


during the latter part of March and the eatly part of April 
of that year, news messages fron itet New York Correspondent 


sent across the Atlantic without the aid of Cables, 


r 
A breakdown ir the insulation of the apparatua 


at Glace Say made it necessary, however, te suxpend the 


Hervice, and unfortunately further accidents made the 


Cransmissior of Measages uncertain and unrelia>le. 


At a rerult of the data and experience gained by 
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these and other tests which 1 carried out *ro the Sritish 
Gover-ment, between England and Gibraltar, I was able to 
erect a new station at Clifden in Ireland, and enlarge the one 
at Glace Fay in Canada, so as to enable me to initiate, in 


October 1907, communication for commercial purposes across the 


Atlantic between England and Carada. 


Although the stations at Clifden and Glace fay 
had to be put into operation before they were altogether 


complete, nevertheless communication across the Atlantic by 


Radio-telegraphy, never suffered any serious interruption 
during nearly two years, until, in consequence of a fire at 


Glace Fay in Auzust of thia year, it has had to be 


suspended for about three months. 


This suspension has not, fowever, benn altogether 


an unmitigated evé@l, ag it haa given me the opportunity of 
inatalling more efficient and up to date machinery. . 


The arrasgementa of elevated conducto.-« or aerials 


which I have tried during my long-distance testa, are shown 
in Pige. “1 OM gy nid 3 f 


The serial shown in Fig. z/ consisted of a vertical 


portion in the middle 280 feet wide 220 feet long supported 
by four towers and attached at the top to nearly horizontal 


& 
wires 200 in number and each 1000 feet long, extending 
radially all round and aupported at a height of 160 feot from 
the ground by an inrer circle of 6 and an outer circle of 


16 maste. 


The natural period of oscillation of thin aerial 


ByStem gave a wave length of 12.000 feet. Experiments were 


made with this arrargement in 1904 and with a wave Length of 


12.000 signala, although very weak, could be received across 
# 


the Atlantic by day ax wall as by night. 


The system of aerial I finally adopted for the 


long distance atationa in England and Canada is shown in Pig TT: 


This arrangement not only makes it pos#ible to efficiently 


he ale Le knw kf he Nigel deta tn f Jot Bacto 
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radiate and receive waves of ary desired leneth, but it alse 
tends te confine the main portion of the radiation to a given 
direction. The Limitation of transmission to one direction 


is not very sharply defined, bat the results obtained with 


this type of a@rial are nevertheless exceedingly useful. 


Hany sumcestions respecting methoda for Limiting 


the direction of radiation have bean made by various workers, 


notably by Professor "raun, Arton and Fellini Tosi. 


FF 
In a piper read before the Royal Society of London 
in March 1206, I otated that by means of horizontal aeriala 
haw poertety to fainly confine to the direction of their 
wn Diet 
neMenertal plane, pointing away’ from their earthed end, 


the emitted radiations. 


In a similar marrer Lt is pefHible to locate the 


bearing of direction of & sendire station, 


The transmit ing tiresitw at the long distance 


#tations are arranged ir ac ordance with a comparatively 


he MiKo who, Be Aa dain rn fo lewlae amar 
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recent system for producing continuous or slightly damped 
oscillations, which I referred to in a Lecture before the 


‘Raoyal Institution of Great Pritain on March 15th. 1208. 


An insulated metal dige A (Fig. 2%) is caused 


to rotate at a hieh rate of apeed by means of an electric 
motor or ateam turbine. Adjacent to thie disc, which I ill 
call the middle disc, are placed two other discs C' and C* 
which may be called polar disce, and which are also revolved. 
These polar disca have their peripheries very close to the 
surface of edges of the middle diac. The two polar disce are 
connected by rubbing contacta to the outer enda of two 
condensers K, joined in series, and these condensers are alec 
connected through suitable brushed to the terminals of a gene 


Fator which should be a hich tension continuous current 


generator. 


On the middle diac a suitable brush or rubbing contac 
ia provided and between this contact and the siddle point of 


the two condensera an oacillating cirouit ia inserted, consiat- 


ing of & condenser E in series with an inductance which last 


is inductively conrected with the radiating antenrae, 


The apparatus works probably in the following 
manner t= 

The generator charges the double condenser, making 
the potential of the diaca, say C' positive and C" negative. 
The potential, if high encugh, will cause a dixcharge to page 
across one of the gapa, say between C' and A. This charges the 
eondenger E through the inductance F, and atarta oacillatione 
in the circuit. The charge of F in awinging back will jump 
from A to C', the potential of which is of opposite align to 
A,, the dielectric strength between C" and A having meanwhile 


been restored by the rapid motion of the diac, driving away 
the ionized air. 


The Cornenser E therefore discharges and 


recharges Alternatively in reverse directions, the same process 
gcing on ao long a energy is supplied to the condensers K 
by the generator H. 


It is clear that the discharges between C! and c* 


end A are never simultaneous an otherwise the centre 


electrode would not be alternatively positive and negative. 


The best results have, however, been obtained by 
an arrangement as shown in Fig. oq in which the active 


aurface of the middle disc iu not amoeth, but consints of a 
number of regularely spaced copper knobs or "pegs, at the ends 


of which the discharges take place at regular intervalu. 


In thin way it is porsible tO gauge the groups 
of oacillations radiated to reproduce a high and clear musical 
note in @ receiver, and thereby it ix easier to differentiate 
between the signals emanating from the sending station and 
nolsen caused by atmoupheric electrical diucharges. By thin 


method very efficient resonance car be also obtained in 


appropriately designed receivers. 


With regard to the receivers employed, important 


changes have taken place. “y far the larger portion of 


of electric wave telerraphy was, until a few year: age, con= 
ducted by means of some form or other of Coberer, or. variable 


contact either requiring tapping or @lse self rertoring. 


At the present day however [ may nay that at all 


the Stations controlled ty my Company my Magnetic Receiver 


ak 


ia @lmost eaclusively employed. ok i 


Thin receiver is based on the dicrease of magnetic 


hyateriaia which oceura in iron when under certain 
conditions this metal is subjected to the effects of electrical 


waves of high frequency. 


It has recently been found possible to increase the 


sencitiveness of these receivers, and to apply them in 


connection with a hich speed relay, 40 as to record messagom 


at great speed, 


A remarkable fact not generally known in regard 


to tranemitters ia, that none of the arrangements employing 
oomlensers exceed in efficiency the plein elevated aerial or 


ed 
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“Flos VX ies 4 Spl. Sek 


vertical wire discharging to earth through 4 epark gap, as 
used in my first experiments, - oor 4 > aS 


I have recently been able to confirms the statement 


made by Professor Plowing in his book mA hemmpnds fide 


fee 
Semel etesnerh str “rae with a power of 6 Watta in the serial 


it is possible to comminicate tow distance, of over 100 miles. 
r 


I have also found that by this method it ia possible 


to send signals 2000 Miles across the Atlantic, with a emaller 
expenditure of energy than $y any other method known to myaelf. 


The only drawback to thia arrangement is, that 
anleus very large aerials are used, the amount of energy 
which can be efficiently employed in lim.ted by the potential 
beyond which brush diecharges and the rexintance of the spark 


gap begin to have a deleterious effect. 


By means of spark gape in compressed air and the 


#0 


addition of inductance coils placed between the aerial and 


earth, the system can be made to radiate very pure and 


slightly damped waves, eminently suitable for sharp tuning. 


In regard to the general working of wireless 


telegraphy, the generalization of the system and the multipli- 
eity of the stations, have greatly facilitated the 


observation of facta not easely explainable. 


Thus &n ordinary ship atation, utilizing anout 


4 a Kilowatt of electfical energy, the normal §RR%or which 


is not greater than 200 Miles, will occasionally transmit 


mes@ages acrosa a distance of over 1200 Miles. It often occurs 
that a ship faila to communicate with a nearby atation, but 


ean correspond with perfect ease with a distant one, 


Thus on many occasiona last winter, the 3.8. 
; = ok 
"Caronia™ of the Cunard Line, carryirg a station utilising 


about" a Kilowatt, when in the Mediterranean, on the 


coast of Sicily, failed to obtain communication with the 


41 


Italian Stations, but had no difficulty whatsoever in 


transmitting and receiving messages to and from the Coasts 
of England ard Yolland, although these latter stations were 
considerably more than 1000 Miles away, and a large part of 


the continent of Europe and the Alps lay between them and the 


ship. 


> 
Although high power stations are used for 
communicating acrosa the Atlantic, and messages can be sent 
by day as well as by night, there still exaist@ short periods 
of daily occurrence, during which tranamission fron Englard 
to America ar viceversa is difficult. Thua in the morning and 
on oe “-- 

evening, when, duste the difference in longitude, daylight 
or darkness extend only part of the way across the ocean, 
the received signala are weak and sometimes cease altogether. 
[t would almost appear ae if electric waves in passing from 
dark space to illuminated space, and viceversa, were reflected 


oF refracted in such a manner aa td’ 


sneentLlokabke Normal path . 


It is probable that these difficulties would not 
be experienced in telegraphing over equal distancea nosth 
and gouth, on about the same Meridion, aa in this case the 
passage from daylight to darkness would occur almost sinulta- 


a 
neously over the whole apaee between the two pointe, 


Another curious result, on which hundrede of 
observations continued for yearo leave no further doubt, is 
that regularely, for short periodsa,at sunrise and sunset, 
and occasionally at other times, a shorter wave can be detects 


across the Atlantic in preference to the longer wave 


normally employed. 


Thus at Clifden and Glace Fay, when sending on an 
ordinary coupled circuit arranged so aa to simultaneously 
radiate two waves, one 12.500 feet and the other 14.700 


feet, although the longer wave is the one usually received 


at the other side of the ocean, réguharely, about iF, 
lamar Cefn 


oe 
hotips after nase at Cl fden, and sunrise at o 
, A Glac Bay, 


the shorter wave alone would be received with remarkable 


atrength, for a period of about one hour. S. 


This effect occurred so regularely that the operator 


tuned their receivers to the shorter wave at the ti~ea 


mentioned, ag a matter of ordinary routine. 


With regard to the utility of Wireless Telegraphy, 
there is no doubt that ite wae has beenme 4a necessity for 
the safety of shipping, all the princi pas Liners and warahipe 
being already equipped, and. ite extenaion to less important 
shipa being only a matter of time, in view of the use it has 
proved to be in cases of danger. 

r 

Ita use is aleao increasing a5 a means of 
communication between outlying islands, and, for the ordinary 
purposes of telezraphic communication, eapecially in the 


Colonies and in newly developed countries, 


However great may be the importance of Wirelesa 
Telegraphy to ships and shipping, I believe it is destined 


to an equal position of importance in furnishing efficient 
and economical communication between dintant parte of the world 
and in connecting European Countries with their Colonies and 


with America. 


whatever may be its present shertcomings and defectea 
there can +e no doubt that Wireless Telegraphy even over 
great distances has come to satay, and will not only satay, 


but continue to advance. 


If it ahould become possible to tran-mit waves 
right round the world t—the-amtepedws , it may be found that, 
the slectrical energy travelling round all parte of the globe 
‘ay be made to concentrate at the antipodes of the aending 
station. In thio way it may some day be possible for meanages 
to be ment to auch distant lands by means of a very omall 
amount of musty slectrical energy, 4nd therefore at a 
correspindingly omall expeneas. 


But I am leaving the regiona of fact, and entering 


the regions of apeculation, which, however, with the 
fea 
knowledge. gradually gained on the aubject, promise results 


both useful and instructive. 
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